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Abstract  
Gyrinops walla, an endemic to Sri Lanka, is the only plant known to produce Agarwood, a 
resinous substance used in perfume industries. Increasing global demand on Agarwood 
leads the over-exploitation of G. walla to the verge of extinction. Raising callus facilitate 
sustainable utilization of G. walla avoiding destructive harvesting. The objective of the 
present study was to raise callus from the explants of G. walla. The tender leaves and 
nodes were surface sterilized in 70% alcohol and 0.2% (w/V) HgCl2, aseptically. Ex-plants 
were cultured in modified MS medium supplemented with 3% (w/V) sucrose and gelled with 
1% (w/V) agar with varying hormonal concentrations. Following 60 days incubation, weight 
of the callus was measured and callus induction percentage was calculated.  Initiation of 
callus was observed in all the hormones combinations and the highest weight and callus 
induction percentage were observed for leaves and nodal explants in  MS medium 
supplemented with BAP (0.5 mg/l) + NAA (3mg/l) and BAP (0.5 mg/l) + NAA (1.5 mg/l), 
respectively, yielding the highest fresh weight and callus induction. 
Keywords:  BAP; Gyrinops walla Gaetner; MS; NAA.  
Introduction 
Agarwood is highly valued fragrance substance that is significantly exceptional. It has at least a 3000 year history in the 
Middle East, China and Japan. Applications of Agarwood were embraced in the literature of India and France, and even 
in the Old Testament of the Bible (Abdin, 2014). Present day, Agarwood remains one of the world's most expensive 
incense in the world. It is also known as Gaharu, Agaru, Jinkō, Oud, Eagle-wood, Aloeswood and Sasi in many Countries 
(Naef, 2011). The economically important species of genera Aquilaria, Gonystulus, and Gyrinops of the family 
Thymeliaceae provide Agarwood, a resinous wood portion of the trunk and branches. Species of these genera are mainly 
distributed in the East Asian countries and some of Gyrinops species i.e., G. walla, occur in India and Sri Lanka.  
The Agarwood-producing plants are timber species which take a considerably long time to grow and to form resinous 
portion of the inner wood. Agarwood forms in the trunk and branches of the tree due to the parasitic infection. These 
parasites enter to the heartwood of the tree by natural wounding such as lightening strokes, breakage of tree branches by 
the wind and drilling by insects (Donovan and Puri, 2004). As a consequence of infection, the tree secretes a resin with 
high amount of volatile organic compounds which helps plant to resist or delay the infection by formation of tyloses. 
Often, the healthy wood of the tree is relatively light in colour, while the resin content considerably increases the mass 
and density of the infected wood, shifting its colour from pale beige to dark brown or black. It has been reported that in 
natural forest, ca. 7% of the trees are infected by fungus, Phaeoacremonium parasitica which belongs to Ascomycetous 
mold (Crous et al., 1996). This adematiaceous (dark-walled) fungus is one of the known fungi reported to be associated 
with Agarwood formation.  
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The odour of Agarwood is complex and pleasant, with few or no similar natural analogues. As a result, Agarwood chips 
and its essential oil have achieved an immense cultural and religious importance in earliest civilizations around the 
world. Further, Agarwood is extremely appreciated in luxury perfumery, fragrance and soap industries.  In addition, 
Agarwood smoke and oil are often used as perfume in the Middle East (Chakrabarty et al., 1994). Fragrant compounds of 
Agarwood are known to be sesquiterpenoids and chromone derivatives, which are the main source of Agarwood’s 
charasteristic odour (Takemoto et al., 2008). Agarwood perfumes are rarely come in pure Agarwood oil, but instead use 
as an alcoholic or nonalcoholic carrier, such as sandalwood oil. Agarwood oils vary in their composition; some oils 
contain a large amount of sesquiterpene compounds and others contain principally benzyl acetone (Yang et al., 1989). In 
addition to that, Okugawa et al. (2000) reported that six sesquiterpenoids, namely jinkoh-eremol, agarospirol, alpha and 
beta santalols, ehydrocostus lactone andcostunolide, isolated from agarwood (Takemoto et al., 2008). Further, Agarwood 
has long been used for medicinal purposes for many years, and continues to be used in Ayurveda medicine even today 
(Fratkin, 1994). Agarwood is used in traditional East Asian medicine to relieve pain, cure for vomiting by warming the 
stomach, and to remedy for asthma (Anon, 1995 cited in Akter and Neelim, 2008). High quality Agarwood powder is 
used in Chinese medicine (Yaacob, 1999) and is also used in the preparation of pharmaceutical tinctures (Van Beek and 
Phillips, 1999).  
Accounts of international trade in Agarwood way back to the thirteenth century and India was among the earliest sources 
of Agarwood in the foreign markets. At present, it has been reported that Agarwood is traded in large quantities. It was 
reported that in 1997, ca. 700 tons of Agarwood from Aquilaria malaccensis were exported from Indonesia and 
Malaysia, even though the total volumes seems to be negligible compared to timber trade, Agarwood trading gains higher 
financial return. Agarwood chips and segments price hundred to several thousand US dollars per kilogram. The value of 
Agarwood shipped out of Singapore alone each year has been estimated to exceed $ 1.2 billion (Hansen, 2000). 
However, price of oil obtained from Agarwood is generally between five to ten thousand US dollars per kilogram. 
At present, Indonesia, Cambodia, Thailand, Vietnam, Malaysia, India and Bangladesh are the countries where Agarwood 
is grown as cultivations to yield Agarwood, artificially. Earlier, artificial Agarwood inducing methods include axe 
wounds, removal of the bark from the trunk completely or partially and nail wounding have been used to produce low-
grade Agarwood. The productivity of these methods is often ineffective, causing the death of the tree. New 
technologically advanced methods such as the partial-trunk-pruning method, fungi-inoculation method and the burning-
chisel-drilling method had been using for last decades in many countries causing minimum damage to the tree (Liu et al., 
2013). Agarwood inducing kits called Agarwood cultivated kits (CA-Kits) had been produced by Vietnam, Malaysia as 
well as in Sri Lanka for efficient production of Agarwood in trees. In these kits, certain mixture of chemicals to be 
inserted to the trunk through a hole made on the tree. However, the production of Agarwood by previously mentioned 
methods takes lengthily time and still the production of Agarwood is low-grade. As far as the conservation of G. walla is 
concerned, artificial Agarwood inducing methods are not appropriate as they are majorly involved with destructive 
sampling.  
It has been reported that Papua New Guinea uses Gyrinops which is locally known as eaglewood instead of Aquilaria as 
Agarwood indicating the close similarity between the two genera in production of Agarwood (Dharmadasa et al, 2013). 
Eaglewood was first discovered and harvested for resin production in Papua New Guinea in about 1998, at that stage 
information on the species was unidentified. It was only in 2002 that taxonomic work was undertaken from which 
determined the species grown in Papua New Guinea as Gyrinops ledermannii (Compton and Zich, 2002). This was the 
first official recording of this species being harvested for their resin wood. However, there was limited information 
available on the use of G. walla for Agarwood in Sri Lanka (Subasinghe et al., 2012; Subasinghe and Hettiarachchi, 
2013). 
G. walla is the only representative Gyrinops species in Sri Lanka. As far as distribution of G. walla is concerned, it is 
common in Sri Lanka and more or less restricted to the wet zone of the country (Townsend, 1981).  Due to the similarity 
of quality of the Agarwood yield from this species of the genera,  Aquilaria and Gonystulus,  large scale smuggling of G. 
Walla from Sri Lanka has been taken place for a short period of time until it has been banned exporting in 2012 
(Dharmadasa  et al., 2013). As far as conservation point of view, G. Walla has been declared as a protected species under 
the Flora and Fauna Protection Ordinance (FFPO) in Sri Lanka by the year 2004 and internationally by Convention on 
International Trade in Endangered Species (CITES) in 2005 (CITES, 2005). The population of G. walla in the country is 
being declining due to illicit felling for Agarwood and it is now considered threatened according to IUCN Red List 
Categories (MOE, 2012). Due to these circumstances, there is need in conservation of this valuable species while 
maintaining profitable export of Agarwood from the country.  
In vitro propagation for A. agallocha (Meng-ling et al, 2005), A. crassna (Van Minh, 2005) and A. malaccensis (Daud et 
al., 2012) has revealed that there is a possibility of raising callus from leaf and shoot explants.  As far as the available 
information in literature of G. walla is concerned; there was limited number of reports on the application of in vitro 
propagation. The current status of the G. walla indicates that the present pace of its exploitation such as illicit felling and 
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smuggling, it will be extinct from our country very sooner. Therefore, it is necessary to use the application of tissue 
culture techniques using leaf and nodes /or young stems for propagation and conservation of the species.  
Methodology 
The basal medium was the modified MS medium (Murashige and Skoog, 1962) supplemented with 3% (w/V) sucrose 
and gelled with 1% (w/V) agar. Different concentrations and combinations of plant growth regulators, naphthaleneacetic 
acid (NAA) and 6-benzylaminopurine (BAP) were used to observe their effect on callus induction, growth and 
development (Table 1 and 2).  Hormone combination T1 served as the control and T2 – T17 and T18 – T22 were the 
different hormonal for leaf and nodal explants, respectively. The pH of the medium was adjusted to 5.8 with 1 mol/L HCl 
or NaOH before autoclaving at 120 °C for 20 min.  
Juvenile leaves and nodes of six (06) months old G. walla grown in the green house of the Open University of Sri Lanka, 
Nawala, Sri Lanka were used as the explants for callus induction. Fresh leaves and nodes were washed with commercial 
Teepol and running water for 15 minutes to remove all the dust and debris. The leaves were cut into 1cm2 square-shaped 
pieces and nodes were cut into 1 – 2cm pieces, aseptically. The surface sterilization was done with 70% alcohol for one 
minute and 0.2% (w/V) HgCl2 for 10 minutes followed by washing with sterile distilled water in a laminar flow (Meng-
ling et al., 2005) and cultured in MS medium. The cultures were incubated at 25 °C and 75%±10%relative humidity 
under dark. Each treatment was consisted of 15 explants and was replicated 5 times and cultures were grown in either 
petri dishes or boiling tubes. Cultures were sub cultured when necessary. Weight of the callus was measured and days 
taken to induce callus were recorded for 60 days.  Callus induction percentage (Saikia et al, 2012) was calculated for 
each hormonal treatment using following formula:  
 
The callus growth was monitored every day and cultures with fungal infections were discarded. Callus induction was 
graded by comparison into four categories as very good (++++), good (+++), poor (++) and very poor (+). Mean and 
standard deviation (SD) was calculated using SPSS IBM PC (Ver.23) (2015). 
Results  
The visual observation indicated that callus initiated in leaf explants for T2 – T17 hormonal combinations (Table 1). 
However, for the hormonal combinations T5, T6, T7, T8 and T9 yield higher numbers of callus induction percentage and 
callus weight. Of the combinations mentioned previously, MS medium supplemented with T8 (0.5mg/l BAP + 3.0mg/l 
NAA), indicated 89.98% of callus induction with 3.582g of fresh weight after 60 days of incubation period. Furthermore, 
the numbers of days taken to initiate callus formation from leaf explants were 28, 15, 22, 11 and 27 for hormonal 
combinations T5, T6, T7, T8 and T9, respectively (Table 1). Consequently, T8 (0.5mg/l BAP + 3.0mg/l NAA) was the 
optimum hormonal combination that produce callus from the leaves of G. Walla in a short period (Figure 1 (b)). In 
contrast, Hormone combination T2, T12, T14, T15 and T17 were comparatively less effective in inducing callus and 44 – 
52 days have taken to initiate callus formation. 
Table 1: Effect of different hormonal concentrations and combinations for callus induction from leaf explants of 
Gyrinops walla 
Treatment NAA 
(mg/l) 
BAP 
(mg/l) 
Callus 
induction 
% 
Mean callus 
fresh  
weight 
Days to 
initiate callus 
Callus grading 
T1 0.0 0.0 0.00
h 0.002(0.000)i 60 + 
T2 0.0 0.5 13.33
g 0.065(0.023)h 52 + 
T3 0.5 0.5 39.99
f 0.268 (0.159)g 49 ++ 
T4 1.0 0.5 46.66
e 1.344 (0.243)c 43 ++ 
T5 1.5 0.5 53.33
d 1.724 (0.126)b 28 +++ 
T6 2.0 0.5 76.66
b 2.722 (0.176)b 15 ++++ 
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T7 2.5 0.5 63.32
c 2.350 (0.129)b 22 +++ 
T8 3.0 0.5 89.98
a 3.582 (0.131)a 11 ++++ 
T9 3.5 0.5 69.99
c 2.262 (0.214)b 27 +++ 
T10 4.0 0.5 46.66
e 0.864 (0.119)d 25 ++ 
T11 4.5 0.5 33.33
f 0.724 (0.149)e 30 ++ 
T12 5.0 0.5 13.33
g 0.452 (0.149)f 47 + 
T13 1.0 1.0 46.66
e 0.922 (0.086)d 39 ++ 
T14 2.0 1.0 19.99
g 0.674 (0.229)e 47 + 
T15 3.0 1.0 19.99
g 1.100 (0.255)c 48 + 
T16 4.0 1.0 39.99
f 1.146 (0.214)c 41 ++ 
T17 5.0 1.0 13.33
g 0.452 (0.1491)f 44 + 
The mean values are followed standard deviation within parenthesis. The same letter along the columns indicates no 
statistically significant difference at p ≤ 0.05. Callus grading: ++++ (very good), +++ (good), ++ (poor) and + (very poor) 
 
         
(a)                                                                                  (b) 
 
          
(c)                                                                          (d) 
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Figure 1: (a) Mean fresh weight and (b) days to initiate callus from leaves and (c) mean fresh weight and (d) days 
to initiate callus from nodes with respect to relevant hormonal combinations 
The nodal explants also indicated more or less similar results of the leaf explants and callus was initiated for the tested 
hormonal combinations. However, the hormonal combinations T20 and T21 showed marked difference in callus 
formation. The callus induction rate for the T20, T21 was 79.98% and65.99% with fresh weight of 4.582g, and 3.722g 
were obtained, respectively. Further, the number of days took for callus initiation in T20 and T21was 33 and 27 
respectively (Table 2 and Figure 1 (d)). Thus, the results indicate, even though a higher number of callus induction and 
fresh weight were obtained for T20, the averaged minimum  number of days taken to initiate callus was  T21. 
Nonetheless, both hormonal combinations can be applied to raise callus in nodal explants in G. walla. 
Table 2: Effect of different hormonal concentrations and combinations for callus induction from nodal explants of 
Gyrinops walla 
Treatment NAA 
(mg/l) 
BAP 
(mg/l) 
Callus 
induction 
% 
Mean callus 
fresh weight 
Days to 
initiate callus 
Callus grading 
T1 0.0 0.0 0.00
d 0.002 (0.000)c 60 + 
T18 0.5 0.5 13.33
c
 2.100 (0.254)
b
 50 + 
T19 1.0 0.5 52.44
b 2.724 (0.126)b 29 ++ 
T20 1.5 0.5 79.98
a 4.582 (0.131)a 33 ++++ 
T21 2.0 0.5 65.99
a 3.722 (0.176)a 27 +++ 
T22 2.5 0.5 43.76
b 2.600 (1.457)b 41 ++ 
The mean values are followed standard deviation42.58 within parenthesis. The same letter along the columns indicates 
no statistically significant difference at p ≤  0.05. Callus grading: ++++ (very good), +++ (good), ++(poor) and + (very 
poor) 
            
 
Figure 2: Stages of callus growth under T8 in leaf explants (0. 5mg/l BAP + 3.0mg/l NAA) a) Initiation of callus, b) 
& c) Growth of the callus, Stages of callus growth under T20 (0.5mg/l BAP + 1.5mg/l NAA) in nodal explants (d) 
& e) Growth of the callus and  f). Callus tissues under light microscope 
Discussion 
Precise manipulation of composition of the growth media is the base of successful establishment of protocols in tissue 
culture techniques. Plant hormones; Auxins and Cytokines, being the major components affect the cell division and 
multiplication of plant tissues, reciprocally alter the influence of different phases of the cell cycle. Precise combination of 
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these plant hormones promotes callus induction, organogenesis and embryogenesis (Gasper et al., 1996). Therefore, the 
control of these hormones should be cautiously balanced. Successful callus inductions protocols have been established 
for greater extend for many plant species in number of families including species Aquilaria, Daphne and Gnidia of 
family Thymelaeaceae.  These protocols are proven successful in the production of callus and can be used in future 
prospective in in vitro propagation of endangered species in family Thymelaeaceae. In the present study, callus were 
successfully obtained for leaf and nodal explants in BAP (0.5 mg/l) + NAA (3mg/l) and BAP (0.5 mg/l) + NAA (1.5 
mg/l), respectively  achieving the highest callus induction percentage and callus weight.  The similar studies carried out 
on the Aquilaria and other Thymeliaceous species except G. walla, and reported that varying compositions of NAA and 
BAp have led in achieving successful raising of callus. An efficient protocol for callus production by leaf explants was 
established for Aquilaria malaccensis Lam. by Sakai et al, 2012 and showed that when the MS media supplemented with 
BAP (0.5 mg/l) + NAA (3mg/l), gave the highest fresh and dry cell biomass at the optimum sucrose concentration (4%). 
They further extended the study and proved that best callus induction percentages where obtained for nodal explants and 
leaf explants when the MS media was supplemented with 2,4-D (4 mg/l) + kinetin (0.5 mg/l) as well as  NAA (2 mg/l) + 
BAP (0.5 mg/l) and NAA (3 mg/l) + BAP (0.5 mg/l), 2,4-D (2 mg/l) + kinetin (0.1 mg/l) and 2,4-D (2 mg/l) + kinetin 
(0.5 mg/l), respectively. Shoot multiplication at BA (0.5 mg/l) in MS media was performed by Yelnititis (2014) for 
Gyrinops versteegii Domke, but there were no published records on callus induction for the genus Gyrinops. Therefore, 
the present study reports a first time of recording of a successful protocol for the production of callus in G. walla by leaf 
and nodal explants. This protocol can be adapted as a novel tool for plant regeneration of G. wallla through tissue culture, 
contributing sustainable utilization and conservation of the species. 
Conclusion 
A successful protocol for callus induction from the leaves of G. walla was established in the present study for the first 
time. Callus was successfully induced in explants for hormonal combination 0.5mg/l BAP + 3.0mg/l NAA and 0.5 mg/l 
BAP + 1.5 mg/l NAA for leaves and nodal explants, respectively. Development of this protocol can be modified for 
shoot and root multiplication and organogenesis, and contribute to the conservation and sustainable utilization of 
endemic plant G. walla. 
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